2.0 TheKy Model

The smplest and most common method of estimating contaminant retardation is based on the partition
(or digribution) coefficient, Ky. The K4 parameter is afactor related to the partitioning of a
contaminant between the solid and agueous phases. It isan empirica unit of measurement that
attempits to account for various chemica and physicd retardation mechanismsthat are influenced by a
myriad of variables. The Ky metric isthe most common measure used in transport codes to describe
the extent to which contaminants are sorbed to soils. It isthe Smplest, yet least robust model available.
A primary advantage of the K, modd isthat it is easily inserted into hydrologic transport codesto
quantify reduction in the rate of trangport of the contaminant relative to groundwater, either by
advection or diffuson. Technica issues, complexities, and shortcomings of the K approach to
describing contaminant sorption to soils are summarized in detall in Chapter 2 of Volumel. Paticular
attention is directed at issues relevant to the selection of K vaues from the literature for use in trangport
codes.

The partition coefficient, K, is defined as the ratio of the quantity of the adsorbate adsorbed per mass
of solid to the amount of the adsorbate remaining in solution at equilibrium. For the reaction
A+C =A (2.2)

the mass action expresson for K is

Ky=_Massof Adsorbate Sorbed = A, (2.1
Mass of Adsorbate in Solution G,

where A = free or unoccupied surface adsorption Sites
= tota dissolved adsorbate remaining in solution at equilibrium
amount of adsorbate on the solid at equilibrium.
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The K, istypicdly given in units of ml/g. Describing the K in terms of this Smple reaction assumes that
A isin great excess with respect to C, and that the activity of A isequal to 1.

Chemicd retardation, R, is defined as,

Ri = Vi/Ve (2.2)
where v, = veloaity of the water through a control volume
V. = veocity of contaminant through a control volume.

The chemicd retardation term does not equa unity when the solute interacts with the soil; dmost dways
the retardation term is greater than 1 due to solute sorption to soils. In rare cases, the retardation factor
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isactudly lessthan 1, and such circumstances are thought to be caused by anion exclusion (See
Volumel, Section 2.8). Knowledge of the K4 and of media bulk density and porosity for porous flow,
or of media fracture surface areg, fracture opening width, and matrix diffuson attributes for fracture
flow, alows caculation of the retardation factor. For porous flow with saturated moisture conditions,
the R isdefined as

Ri=1+(p/n)Ky (23)
where p, = porous mediabulk density (mass/lengt?)
n. = effective porosty of the media a saturation.

The K4 parameter isvaid only for a particular adsorbent and applies only to those agueous chemical
conditions (e.g., adsorbate concentration, solution/electrolyte matrix) in which it was measured. Site-
specific K, vaues should be used for site-gpecific contaminant and risk assessment cal culations.
Idedlly, ste-specific Ky vaues should be measured for the range of agueous and geologicad conditions
in the system to be modeled. However, literature-derived K4 vaues are commonly used for screening
caculations. Suitable sdlection and use of literature-derived K, values for use in screening calculations
of contaminant trangport is not atrivid metter. Among the assumptionsimplicit with the K4 construct
is (1) only trace amounts of contaminants exist in the agueous and solid phases, (2) the relationship
between the amount of contaminant in the solid and liquid phasesislinear, (3) equilibrium conditions
exis, (4) equdly rapid adsorption and desorption kinetics exists, (5) it describes contaminant
partitioning between 1 sorbate (contaminant) and 1 sorbent (soil), and (6) al adsorption Sites are
accessible and have equd strength. The last point is especidly limiting for groundwater contaminant
models because it requires that K values should be used only to predict transport in systems chemicaly
identica to those used in the [aboratory measurement of the K. Variation in either the soil or agqueous
chemidry of a system can result in extremely large differencesin K vaues.

A more robust gpproach than using a single K to describe the partitioning of contaminants between the
agueous and solid phases is the parametric-Kymodd. This modd variesthe K, vaue according to the
chemistry and mineralogy of the system at the node being modeled. The parametric-K 4 vaue, unlike
the constant-K 4 vaue, is not limited to asingle set of environmenta conditions. Instead, it describes the
sorption of a contaminant in the range of environmental conditions used to create the parametric-K4
equations. These types of satisticd relationships are devoid of causdity and therefore provide no
information on the mechanism by which the radionuclide partitioned to the solid phase, whether it be by
adsorption, absorption, or precipitation. Understanding these mechaniams is extremdy important
relative to esimating the mohility of a contaminant.

When the parametric-K 4 mode is used in the trangport equation, the code must dso keep track of the
current vaue of the independent variables a each point in space and time to continudly update the
concentration of the independent variables affecting the K, value. Thus, the code must track many
more parameters and some numerica solving techniques (such as closed-form andytica solutions) can
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no longer be used to perform the integration necessary to solve for the K vaue and/or retardation
factor, R. Generally, computer codes that can accommodate the parametric-K4 mode use achemicd
subroutine to update the K4 vaue used to determine the R-, when called by the main transport code.
The added complexity in solving the trangport equation with the parametric-K 4 sorption modd and its
empirical nature may be the reasons this gpproach has been used sparingly.

Mechanistic modds explicitly accommodate for the dependency of K, vaues on contaminant concen-
tration, charge, competing ion concentration, variable surface charge on the soil, and solution species
digtribution. Incorporating mechanistic adsorption concepts into transport models is desirable because
the models become more robust and, perhaps more importantly from the standpoint of regulators and
the public, scientificadly defengble. However, truly mechanistic adsorption models are rardly, if ever,
gpplied to complex natura soils. The primary reason for thisis because naturd minera surfaces are
vey irregular and difficult to characterize. These surfaces consst of many different microcrystdline
gructures that exhibit quite different chemica properties when exposed to solutions. Thus, examination
of the surface by virtudly any experimental method yields only averaged characteristics of the surface
and the interface,

Less attention will be directed to mechanistic models because they are not extensively incorporated into
the mgority of EPA, DOE, and NRC modeling methodologies. The complexity of ingdling these
mechanigtic adsorption modelsinto existing transport codesis formidable. Additiondly, these models
a0 require amore extensve database collection effort than will likely be available to the mgority of
EPA, DOE, and NRC contaminant transport modelers. A brief description of the state of the science is
presented in Volume | primarily to provide a paradigm for sorption processes.
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